Background/Aims: It has been suggested that chronic kidney disease (CKD) is a risk factor for Clostridium difficile infection (CDI) and is associated with increased mortality among patients infected with C. difficile. However, recent studies of the clinical impact of CKD on CDI in Asians are still insufficient. We sought to determine the relationship between CKD and CDI in a Korean population. Methods: This was a single-center, retrospective case-control study. In total, 171 patients with CDI were included as cases and 342 age-and gender-matched patients without CDI were used as controls. We compared the prevalence of CKD in the study sample and identified independent risk factors that could predict the development or prognosis of CDI. (OR, 3.34). Patients with more advanced CKD (estimated glomerular filtration rate < 30) and CDI showed higher in-hospital mortality and poorer responses to the initial metronidazole therapy. Conclusions: More advanced CKD is an independent risk factor for CDI and is associated with higher in-hospital mortality and poor treatment responses in CDI patients. Thus, in CKD patients, careful attention should be paid to the occurrence of CDI and its management to improve the outcome of CDI.
INTRODUCTION
Several studies have investigated risk factors for Clostridium difficile infection (CDI); antibiotic use, older age, gastric acid suppression therapy, admission to a healthcare facility, immunosuppression, and prolonged hospitalization have been identified [1] [2] [3] [4] [5] . The pathogenesis of CDI includes the transformation of the intestinal microbiota resulting from antibiotic use, pathogenic toxin production, and altered host inflammatory responses [6] . Since 2003, the propagation of a new strain of C. difficile, known as B1/NAP/027, has been reported in the United States (US), Canada, and Europe; the frequency of CDI with high recurrence and mortality rates has increased since [7] [8] [9] . In chronic kidney disease (CKD) patients, gastric acid suppression, impaired immune funcstion, and increased antibiotic use can contribute to the development of CDI [10] [11] [12] [13] . Additionally, recent studies demonstrated altered intestinal microbial flora in CKD patients, especially increased colonization with Clostridium sp., which may be associated with increased CDI [14] .
A previous study using a national cohort of hospitalized patients in the US reported that CKD patients have a two-fold higher risk of CDI than non-CKD patients, and
The Korean Journal of Internal Medicine Vol. 31, No. 1, January 2016 end-stage renal disease (ESRD) patients requiring dialysis were at the highest risk of CDI [15] . They also reported that CDI was associated with longer hospital stays and higher mortality in CKD patients. However, the national database did not provide any information about potential confounders, such as antibiotics exposure, CDI treatment, comorbidities, and laboratory parameters. In addition, a case-control study by Eddi et al. [10] showed that ESRD patients requiring dialysis had a higher risk of CDI; however, CKD patients not on dialysis showed no increased risk of CDI. Previous studies investigating the clinical features of CDI in CKD patients not on dialysis have yielded conflicting results, and recent studies of the clinical impact of CKD on CDI in Koreans are still insufficient. We thus examined the association between CKD and CDI using a single-center cohort. We also investigated risk factors that could help predict the development or prognosis of CDI in advanced CKD patients.
METHODS

Study population
This retrospective case-control study was performed at the Korea University Anam Hospital, Seoul, Korea, and was approved by the Korea University Anam Hospital Institutional Review Board. From the computerized hospital database, we retrieved a list of all patients who had been admitted to the hospital between May 2010 and May 2013 and had tested positive for C. difficile toxin A or B in fecal specimens (TechLab Corp., Blacksburg, VA, USA). All patients who tested positive for C. difficile toxin A or B and had diarrhea were included. As we aimed to study patients admitted with CDI (inpatients), we included only patients who were admitted to our hospital for more than 3 days (in both case and control groups). In total, 219 patients admitted with CDI fulfilled these criteria; however, 48 patients who were receiving chemotherapy or had terminal malignancies with life expectancies of less than 3 months were excluded. Finally, 171 patients were included in the patient group, and twice as many patients who had been admitted during the same period with matching age and gender were included in the control group.
Clinical data
Patient baseline characteristics included the gender, age, history of diabetes and hypertension, intensive care unit (ICU) admission, use of antibiotics or gastric acid-reducing drugs (GARDs) during the admission, CKD stage at admission, length of hospital stay, and in-hospital mortality. All patients were classified into (1) non-advanced CKD (estimated glomerular filtration rate [eGFR] ≥ 60 mL/min/1.73 m 2 ), (2) stage III CKD (eGFR = 30 to 59 mL/min/1.73 m 2 ), (3) stage IV to V CKD not requiring dialysis (eGFR < 30 mL/min/1.73 m 2 ), or (4) ESRD requiring dialysis according to baseline creatinine level at admission and previous laboratory data within 3 months. The patients who had acute kidney injury (AKI) at admission were not considered to have CKD when their eGFR improved to the normal range (≥ 60 mL/min/1.73 m 2 ). Patients with AKI on CKD were classified according to previous laboratory data or improved eGFR during admission. In all cases, the eGFR was calculated using the modification of diet in renal disease equation.
For subgroup analysis in the CDI patient group, fever (> 38.3°C), hypotension (systolic blood pressure < 90 mmHg), AKI, levels of albumin, hemoglobin A1c, and white blood cell (WBC) count when diagnosed with CDI were also recorded. In the subgroup analysis of CDI patients, the data collected on ICU admission in the previous 3 months, and use of antibiotics or GARD in the preceding 6 weeks were based on the date of diagnosis of CDI.
For prognostic evaluations, primary treatment regimen, recurrence of CDI, time from admission to diagnosis, time from diagnosis to discharge, length of hospital stay, and in-hospital mortality were analyzed. Recurrence of CDI was defined as the recurrence of diarrhea and a positive C. difficile toxin test result within 1 month after the termination of therapy. Treatment resistance was defined as the additional use of vancomycin for CDI treatment due to initial metronidazole resistance.
Statistical analysis
All analyses and calculations were performed using IBM SPSS version 20.0 (IBM Co., Armonk, NY, USA). Continuous variables are presented as mean ± standard deviation (SD) or median (interquartile range), according to the distribution. Pearson chi-square tests were used www.kjim.org to analyze nominal data. Continuous variables of the groups were analyzed using the independent-sample t test or the Mann-Whitney test, according to the distribution. In multivariate analysis, a binary logistic regression model was used to calculate adjusted odds ratios (ORs). A p < 0.05 was considered to indicate statistical significance.
RESULTS
Baseline characteristics
The baseline characteristics are shown in Table 1 . The mean age of the CDI patients was 71 years. The mean time from admission to CDI diagnosis was 27.8 days, and most of the patients with CDI were diagnosed with hospital-acquired CDI (96.4%, data not shown). Patients with CDI had a higher prevalence of ICU admissions, emergency admissions, advanced CKD, antibiotics use, and GARD use. The prevalences of ESRD requiring dialysis and CKD stage IV to V not requiring dialysis were significantly higher among CDI patients than among patients without CDI. Patients with CDI had a significantly longer length of hospital stay (median, 43 days vs. 10 days; p < 0.001) and increased in-hospital mortality (8.2% vs. 2.6%, p = 0.006) than patients without CDI.
CKD stage as an independent predictor of CDI
We applied a multivariate logistic regression model with backward elimination to calculate an adjusted OR for CDI in patients with CKD ( Table 2) . Model 1 was ad- 
Characteristics of CDI patients according to CKD stage
In this study, patients with stage IV to V CKD had a significantly higher risk of CDI (regardless of whether they were undergoing dialysis) than non-advanced CKD patients (eGFR ≥ 60 mL/min/1.73 m 2 ). Thus, we further analyzed the CDI characteristics according to CKD stage. For this analysis, CDI patients were classified into two groups based on the eGFR value (> 30 or < 30 mL/ min/1.73 m 2 ) ( Table 3) . Patients with more advanced CKD (eGFR < 30 mL/min/1.73 m 2 ) had a significantly higher prevalence of hypertension and many of these patients were men; moreover, they had significantly higher WBC counts. More advanced CKD was also associated with higher in-hospital mortality. However, there was no significant difference between the two groups regarding the use of antibiotics or GARD, the recurrence of CDI, the initial treatment regimen, the length of hospital stay from admission to diagnosis, or the time from diagnosis to discharge. Treatment resistance was significantly higher in the group with more advanced CKD (28.1% vs. 12.2%, p = 0.031). 
Clinical features of patients with treatment resistance
Patients who experienced treatment resistance to initial metronidazole therapy had significantly higher prevalences of the use of more than two antibiotics, vancomycin use before CDI diagnosis, more advanced CKD (eGFR < 30 mL/min/1.73 m 2 ), and higher WBC counts than patients without treatment resistance. The recurrence of CDI was higher in the group with treatment resistance, although this difference was not statistically significant. In-hospital mortality also did not differ between the patients with treatment resistance and those without ( (Table 5) .
DISCUSSION
In this study, we observed the following: (1) stage IV to V CKD not requiring dialysis, as well as ESRD requiring dialysis were independent risk factors for CDI, and ESRD patients on dialysis had a much higher risk for CDI; (2) more advanced CKD (eGFR < 30 mL/min/1.73 m 2 ) was associated with higher in-hospital mortality due to CDI; and (3) patients who had treatment resistance showed significantly higher prevalences of previous use of two or more antibiotics, previous use of vancomycin, WBC count > 15 × 10 3 /µL, and more advanced CKD. Risk factors for CDI include antibiotic use, older age, gastric acid suppression therapy, admission to a healthcare facility, immunosuppression, and prolonged hospitalization [1] [2] [3] [4] [5] . CKD has also been suggested to be a risk factor for CDI and is associated with increased mortality, lower treatment response, and higher recurrence rates [10, [15] [16] [17] . Although the reason for the association between CDI and CKD is unclear, recent studies have shown that CKD is associated with systemic chronic inflammation and subsequent acquired immunodeficiency that leads to increased susceptibility to infection [18, 19] . Furthermore, gastric acid suppression or microorganism overgrowth caused by intestinal dysmotility is frequently observed in CKD patients; this may also contribute to increased risk of CDI [12, 13] . These results suggest that CKD could also be an important risk factor for CDI and affect its prognosis. However, it is not clear whether CKD not requiring dialysis is also a risk factor for CDI, because previous studies have yielded conflicting results [10, 15, 16] . Eddi et al. [10] reported that the association between CKD and CDI was insignificant in patients with stage III to V CKD who were not on dialysis, whereas in a study by Keddis et al. [15] , CKD patients not on dialysis had a higher incidence of CDI than non-CKD patients (p < 0.001). Thus, in this study, we investigated the CDI risk factors according to the CKD stage and found that stage IV to V CKD not requiring dialysis and ESRD requiring dialysis were significant independent risk factors for CDI. Thus, we suggest that the recent increase in the occurrence of CDI may be due to the increasing number of people with CKD.
Previous use of antibiotics is the most important cause of CDI. Almost all antibiotics can lead to the development of CDI, although second/third generation cephalosporins, clindamycin, and fluoroquinolones seem to play the most important role in its development [2, 20] . In terms of CDI management, discontinuation of antibiotics that may cause CDI and initiating therapy with metronidazole or vancomycin according to CDI severity are recommended [21] . If there is no improvement in clinical symptoms after the initial therapy with metronidazole, switching to vancomycin or the addition of vancomycin is required. In our center, this clinical practice guideline is followed. In the analysis of the treatment response of CDI, we found that CKD was associated with poor clinical outcome among patients with CDI, similar to that in previous studies, showing that CKD patients have longer treatment periods [17] and higher in-hospital morbidity [15, 16] . In this study, initial treatment resistance was more common in CKD patients. The in-hospital mortality rate was also significantly higher among patients with advanced CKD than in non-advanced CKD patients. These results suggest
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In summary, more advanced CKD, with an eGFR < 30 mL/min/1.73 m 2 is a risk factor for CDI even in CKD patients not on dialysis. Additionally, advanced CKD is associated with poor clinical outcome of CDI, particular- In-hospital mortality 3 (11.5) 11 (7.6) 0.450
Values are expressed as median (confidence interval 25%-75%) or number of patients (%). CDI, Clostridium difficile infection; ICU, intensive care unit; GARD, gastric acid-reducing drug; SBP, systolic blood pressure; WBC, white blood cell; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate. ly with poor response to initial treatment and increased in-hospital mortality. Thus, in CKD patients, careful attention should be paid to the occurrence of CDI and its management to improve the outcome of CDI. Considering the recent changes in the epidemiology and clinical severity of CDI in Korea, further long-term prospective studies with larger sample sizes based on the CKD stage will be useful to assess the clinical impact of CKD on CDI.
